The effect of the iatrathecal administration of midazolam 0.5-1.0ing in 1-2 ml of physiological saline solution, has been observed on responses evoked in renal sympathetic nerves by supramaximal electrical stimulation of radial and tibial nerves. In artificially ventilated dogs anaesthetized with a-chloralose, the intrathecal administration of midazolam caused a marked depression of reflexes evoked from the tibial nerve but had no effect on either spontaneous sympathetic activity or reflexes evoked by radial nerve stimulation. 
Experiments were performed on 13 mongrel dogs weighing between 10 and 20 kg. Anaesthesia was induced with methohexitone 12.5mgkg" 1 ±0.5 (mean ± SEM -used for all data), the trachea intubated and the lungs ventilated artificially with oxygen-enriched air. Cannulae were inserted to the right femoral artery and, via the right femoral vein, to the inferior vena cava. Anaesthesia was maintained using a 1% solution of a-chloralose in an initial dose of 32 ± 1 mgkg" 1 , followed by a continuous infusion of 14± 1 mgkg" 1 h" 1 . Suxamethonium 1 mg kg" 1 every 30 min was administered to provide neuromuscular blockade. Oesophageal temperatures were maintained bet ween 3 6.5 and 3 8.5 °C and Pzo 2 , P&CO2 and arterial pH (Radiometer ABL 1) within the ranges 14. .31 unit respectively, by alterations in tidal volume and inspired oxygen concentration and, when necessary, by the administration of bicarbonate. The haematocrit was maintained in the range 39-43% by infusion of physiological saline approximately 8-10 ml kg" 1 h" 1 .
The mean arterial and airway pressures were measured using calibrated Statham strain gauges and displayed with the ECG and the beat-by-beat heart rate (Devices 4522) on an ultraviolet light recorder (SE Laboratories, type 2112).
Drugs were injected to the intrathecal space following the removal of the laminae of the 1st and 2nd lumbar vertebrae and exposure of the dura mater.
The lateral branch of the superficial (cutaneous) branch of the left radial nerve was exposed in the foreleg and the tibial nerve in the left hind leg. Both nerves were desheathed, cut distally and mounted on silver-silver chloride electrodes in a mineral oil pool. The renal sympathetic nerves were exposed retroperitoneally, close to the renal artery, and recordings of efferent activity made from desheathed fascicles of the nerves, which were immersed in mineral oil, using bipolar silver-silver chloride electrodes. The signals were processed through a preamplifier (Tektonix type 122) and displayed on either an ultraviolet recorder (SE Laboratories, type 2112) using conditioning amplifiers and galvanometers with a frequency response of 3000 Hz, or a dual-beam oscilloscope (Tektronix type 565).
Supramaximal electrical stimuli (intensity 50 V, duration 0.5 ms) were applied to the peripheral nerves using a Grass S88 Stimulator with matching direct-coupled isolation units (Grass type 478 A) at a frequency of 0.33 Hz.
Average transients of the evoked responses in the renal sympathetic nerves were recorded using a Neurolog system (N.L. 750 Digitimer). In addition these responses were rectified and integrated (N.L. 90).
The operating table was arranged so that the preparation was in a head-up tilt of approximately 15°.
Commercial midazolam hydrochloride contains 5mg per ml of drug and lOfUitre per ml of benzyl alcohol as preservative. This was diluted 10 times in 0.9% sodium chloride to give a solution containing 0.5 mg ml"' of midazolam and hence 1 /ilitre ml"' of benzyl alcohol. After control responses were obtained, 1-2ml of the midazolam solution (that is, 0.5-1 mg of drug) was administered to the intrathecal space at the level of LI and the effects on spontaneous, and reflexly evoked, sympathetic activity observed.
In order to exclude the possibility that the observed effects were caused by the preservative, benzyl alcohol, the following experiments were performed (preservative-free midazolam hydrochloride is not available, as yet): (a) 1-2 ml of a solution of 1/xlitreml" 1 of benzyl alcohol in 0.9% sodium chloride was administered intrathecally, in some of the preparations, before the midazolam. (b) After the maximum effect of midazolam had occurred, the effects of the specific benzodiazepine antagonists, Ro 15-1788 (dissolved in a solution of gum acacia and Tween 80) and Ro 15-3505 (available commercially in a solution of 1 mg ml"') in doses of 1 -2 mg kg" 1 , were observed following administration i.v.
To exclude the remote possibility that the observed effects were caused by systemic effects of the drug as a result of absorption from the intrathecal space, the effects of midazolam 0.5 mg, 0.5 mg kg"' and 1 mgkg" 1 i.v., on the evoked sympathetic reflexes, were observed.
In some preparations, the effect of naloxone 2 mg i.v. administered after the intrathecal midazolam, was noted. The schema of the experimental preparation is illustrated in figure 1.
RESULTS
The early and late responses in the renal sympathetic nerves evoked by stimulation of tibial and radial nerves are illustrated in figure 2 .
In all preparations the intrathecal administration of midazolam 1 mg produced a marked decrease (approximately 80-90%) in the sympathetic responses evoked by stimulation of the tibial nerve. In some preparations these responses were virtually abolished ( fig. 3) . Midazolam had no effect on either spontaneous sympathetic activity ( fig. 4 ) nor on the responses evoked by radial nerve stimulation ( fig.  3 ). The effect of the drug on the tibial reflexes was observed within 3-4 min although the maximal depression of the reflex response required 8 -10 min.
The effect of the drug persisted unchanged for as long as observations were made, that is, for up to 2 h, and throughout this time there was no evidence of recovery.
The benzodiazepine antagonist Ro 15-1788 1 mg kg" 1 i.v. caused partial reversal of the effects of midazolam. In contrast, the newer antagonist Ro 15-3505 1-2 mgkg" 1 i.v. produced complete reversal of the depressant effect of the midazolam ( fig. 3) . Naloxone 2 mg i.v. did not reverse the effects of midazolam. Neither l-2nlitre of benzyl alcohol 1 ulitre ml" 1 in 0.9% sodium chloride administered intrathecally ( fig. 5 ) nor midazolam, up to 1 mg kg" • i.v., caused any significant effects on the observed somatosympathetic reflexes.
The intrathecal administration of midazolam did not affect heart rate or arterial pressure in any of the preparations except for small, and transient, decreases in arterial pressure and increases in heart rate immediately after the injection of 1 mg kg" 1 i. v. DISCUSSION It is accepted widely that nociception is mediated by small myelinated (group III) and unmyelinated (group IV) nerve fibres. The "input -output" relationships, that is, the reflexly evoked responses, in the sympathetic nervous system have been examined in many species of animals (Sato and Schmidt, 1973) . In the dog it has been shown that supramaximal stimulation of nerves containing cutaneous fibres evokes responses in thoracic and renal sympathetic nerves which have two components referred to as the early and late responses. These responses are caused by stimulation of afferent nerve fibres in group III and group IV, respectively (Whitwam, Kidd and Fussey, 1979) . Thus, the observation of changes in reflexly evoked sympathetic responses provides an experimental model with which to study the effects of drugs on nociception.
In the experiments reported here, the intrathecal injection of midazolam in the upper lumbar region caused a marked decrease in the sympathetic responses evoked by stimulation of the tibial nerve. The drug had no effect on either spontaneous renal sympathetic activity or on responses evoked by stimulation of the radial nerve. This suggests that midazolam depressed the afferent nociceptive pathways from the tibial nerve and did not spread to higher levels to any significant extent.
The facts that 1 ^litre of benzyl alcohol injected to the intrathecal space, at the same level, had no effect on these reflexes, and that the effect of midazolam was totally reversed by Ro 15-3505 i. v., indicate that the observed depression of the tibial reflexes was caused by midazolam and not by the very small amount of preservative in the formulation of this drug. Further evidence for a local topical effect of midazolam was the absence of any significant effect on somatosympathetic reflexes when the drug was administered i.v. in high doses.
In some preparations the sympathetic reflexes evoked by stimulation of the tibial nerve were totally abolished ( fig. 3 ). In this figure the integrator signal, after the intrathecal administration of the drug, merely represents the ongoing integral of the rectified signal from the average transient of spontaneous sympathetic activity without any evidence of evoked responses.
The question may be asked as to how locally applied benzodiazepines can influence a nociceptive system. Haefely and colleagues (1975) and Costa and co-workers (1975) have suggested that the benzodiazepine system interacts with the GABA system. Subsequent studies have confirmed this interaction showing that GABA enhances the binding of benzodiazepines to their receptors (Tallman, Thomas and Gallager, 1978; Braestrup and Nielsen, 1981) and, conversely, by binding to their relative receptors benzodiazepine has an indirect modulating effect on GABA recognition sites which, by decreasing their affinity to GABA (Guidotti, Toffano and Costa, 1978) , causes more-free GABA to be available.
It has also been shown that morphine analgesia is enhanced either by increases in the concentration of GABA in the CNS (brought about by decreasing the degradation of GABA by inhibition of the enzyme GABA transaminase) (Contreras, Tamayo and Quijada, 1979; Buckett, 1980a) , or by the administration of the GABA receptor agonist, muscimol (Biggo et al., 1977) . However, GABA itself has analgesic properties (Buckett, 1980b) and is found in high concentrations in the dorsal root area (Kuriyama and Yoneda, 1978) .
As specific benzodiazepine receptors are present throughout the nervous system, including the spinal cord (Mohler and Okada, 1977; Squires and Braestrup, 1977) , it might be expected that the introduc-tion of an exogenous benzodiazepine into the CSF around the spinal cord will reach the benzodiazepine receptors in high concentration and could have a pronounced effect on local GABA activity. Thus, benzodiazepines can gain access to analgesic systems mediated by GABA.
Although Dingledine, Iversen and Breuker (1978) have shown that naloxone can reverse GABA activity, Buckett (1980b) found that this drug did not antagonize the analgesic effect of GABA. In the event that benzodiazepine is acting indirectly through GABA, the findings of the present study agree with those of Buckett (1980b) and suggest that benzodiazepine-induced nociceptive depression is not dependent on an opioid system.
It has been suggested that the benzodiazepine receptor blocking drug Ro 15-1788 is also a partial agonist (Nutt, Cowen and Little, 1982) and this may explain the greater effectiveness of Ro 15-3505 in reversing the effects of midazolam.
In conclusion, supramaximal electrical stimulation of a peripheral nerve provides a massive nociceptive input to the CNS. The findings of the present study and the rapidly increasing evidence in the literature concerning the interaction of benzodiazepine and GABA on nociceptive systems, suggests that benzodiazepine applied locally (intrathecal or extradural) could be of value in the management of pain. This has been made possible with the introduction of midazolam which, being water soluble, does not require a potentially neurotoxic vehicle.
